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[57] ABSTRACT

A cooling control apparatus for an automobile en gine
having a radiator and two or more electrically operated
fans for circulating air through the radiator. Each fan is
operated in response to a different predetermined tem-
perature of the cooling water in the radiator so that first
one fan is activated under normal operation and the
second fan is operated only under heavier loads or high
ambient conditions requiring additional cooling. In one
embodiment a fan is operated upon activation of the
air-conditioning system to cool its condenser regardless
of the cooling water temperature.

16 Claims, 3 Drawing Sheets
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1

COOLING CONTROL APPARATUS OF
AUTOMOBILE ENGINE

This invention relates to a control apparatus for the
cooling system of an engine equipped with a cooling fan
driven by an electrical fan motor and, more particu-
larly, to a control apparatus for the cooling system of an
automobile engine equipped with a plurality of such
cooling fans. |

Electrical motors with fans are being used for the
radiators of automobile cooling systems with increasing
frequency since they provide sufficient cooling power
even when the car is idling. Such a motorized cooling
fan is generally energized by a constant-voltage source
such as a battery. The fan motor is controlled by a
control circuit including a thermostatic switch or the
like so that it is rotated when the engine temperature
rises above a given value and stopped when the engine
temperature drops below the given value. However, a
fan motor energized by the constant voltage source has
a fixed rotation frequency during operation so that the
air flow volume produced by the cooling fan is substan-
tially constant. Accordingly, a high capacity cooling
fan must be selected for supplying the cooling power
required when the car is driven under the heaviest con-
ditions, for example, when the car is idling in parking
after high-speed operation or is going up a slope at a
low speed in very warm ambient conditions. If the ca-
pacity of the cooling fan is too small, the engine will be
subject to overheating under such heavy driving condi-
tions.

On the other hand, during times of ordinary driving,
the load of the engine is comparatively small and a head
wind is supplied to the radiator whereby a large cooling
power is not required of the cooling fan. As a result, the
cooling fan tends to be rotated unnecessarily at a high
speed, so that the consumption power when the fan is in
operation is very large and the external noise is loud.
One possible solution to such a problem is to establish a
high temperature for required operation of the fan mo-
tor, but this results in a decrease in the efficiency of the
engine.

Another problem of cooling occurs with automobile
air condition system. Recently, some automobiles
equipped with an air conditioner have been designed so
that the condenser is mounted in front of the radiator
and two fans are included to cool the radiator and con-
denser. In such a car the fan for the condenser is driven
only during the time the air conditioner is operated.

The present invention has been devised in view of the

foregoing circumstances and its object is to supply cool-
ing air varying in volume depending upon the engine
temperature thereby to reduce the power consumption
and noise caused by the cooling fan at the times that the
engine is under a low load or cool ambient condition.

It 1s another object of the present invention to utilize
more effectively a plurality of cooling fans provided
with the automobile. .

A more detailed object of the present invention is to
provide a plurality fan motors selectively operated for
driving a plurality of cooling fans equipped in the auto-
mobile when the engine temperature reaches respective
predetermined different values.

By the arrangement of the present invention, as the
engine temperature rises, a first fan motor which is set
to operate at the lowest required temperature for cool-
Ing starts to rotate at first, and the engine is cooled only
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by that first cooling fan motor. Then, if the cooling
power provided only by the first cooling fan is inade-
quate, the engine temperature continues to rise and a
second fan motor starts to rotate whereby the engine is
cooled by two cooling fans. In this manner, the supply
volume of cooling air is changed in response to the
engine temperature and there is provided the cooling
effect adapted to various conditions. Therefore, because
only one cooling fan of a comparatively small capacity
is actuated during the time the engine is under a low
load, the power consumption and noise at that time is
reduced.

Other objects and advantages of the present invention
will appear from the preferred embodiments which will
now be described in connection with the accompanying
drawings, wherein:

FIG. 1 1s a diagrammatic illustration of the circuit of
a first embodiment of the present invention:;

FIG. 2 is a graph of the temperature of the cooling
water for the engine as such temperature varies over a
period of time while the engine is subject to different
operating conditions;

FIG. 3 is a diagrammatic illustration of the circuit of
a second embodiment of this invention as applied to an
automobile equipped with an air conditioner:

FIGS. 4 and § are diagrammatic illustrations of the
circuits of third and fourth embodiments of this inven-
tion.

Referring more particularly to FIG. 1, a conventional
water coolant radiator (not shown) of the automobile
engine is supplied with cooling air by two cooling fans
F1 and F2, and each cooling fan F1, F2 is driven by a
corresponding fan motor M1, M2. These fan motors M1
and M2 are connected in parallel between a battery B
and the automobile chassis for an electrical ground. In
each electric path of the fan motor M1, M2 there is
provided a control circuit C1, C2 including an individ-
ual water temperature switch SW1, SW2.

Each water temperature switch SW1, SW2 is a ther-
mostatic switch which detects the temperature of the
engine cooling water, and operates in such a manner
that the switch turns on when the cooling water tem-
perature rises above a predetermined temperature and
turns off when the cooling water temperature drops
below that predetermined temperature. Preferably,
each switch SW1, SW2 is mounted in the vicinity of an

- outlet from the radiator, whereby it is responsive to the
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temperature of the cooling water that has been cooled
by the radiator and before the cooling water enters the
engine. The predetermined temperature T1 of the first
water temperature switch SW1 is preferably set to a
comparatively low value, for example, about 90° C,,
which is approximately a minimum desired operating
temperature for the engine. The predetermined temper-
ature T2 of the second water temperature switch SW2
1s preferably set to about 100° C., or a predetermined
value larger than the former.

In the cooling control device of the foregoing config-
uration for the automobile engine, as the engine is
started, the cooling water temperature rises gradually
with an increase of the engine temperature, as shown in
the graph of FIG. 2 starting at the left end of the time
Iine. However, the cooling water temperature does not
reach the set temperature T1 of the first water tempera-
ture switch SW1 during the warming-up period and

therefore the first and second water temperature
switches SW1 and SW2 are left open and the electric

paths for the fan motors M1 and M2 are kept in the
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broken or non-operating state. Accordingly, neither of
the cooling fans F1, F2 operates and the warming-up
period is completed within a short time.

As the warming-up period terminates and the temper-
ature of the engine cooling water reaches the set tem-
perature T1 of the first water temperature switch SW1,
the first water temperature switch SW1 closes and the
power supply to the first fan motor M1 is commenced.
As a result, the first cooling fan F1 starts to rotate and
cooling of the engine cooling water begins. When the
cooling water temperature drops below the set tempera-
ture T1 of the first water temperature switch SW1 as
the result of cooling of the engine and radiator, the first
water temperature switch SW1 opens again and the first
cooling fan F1 stops. In this example the temperature of
the engine cooling water has values at and about the set
temperature T1 of the first water temperature switch
SW1, the engine is cooled by the first cooling fan F1
only. FIG. 2 shows three On-Off cycles of fan F1, with
slant hatching for the On condition, following the
warming-up.

As the automobile enters an ordinary constant-speed
running state, the load on the engine becomes small and
the engine is cooled by the normal head wind caused by
running, so that the temperature of the engine cooling
water becomes lower than the set temperature T1 of the
first water temperature switch SW1 and the first cool-
ing fan F1 is kept in the stopped state, as shown next in
the graph of FIG. 2.

When the automobile is changed from a high-speed
running state to an idling state or is driven at a low
running speed in warm ambient conditions, the temper-
ature of the engine cooling water first reaches the set
temperature T1 of the first water temperature switch
SW1 and the first cooling fan F1 starts to rotate. Then,
because the cooling power of only the first cooling fan
F1 is not sufficient for the engine, the cooling water
temperature rises further and reaches the set tempera-
ture T2 of the second water temperature switch SW1.
As a result, the second water temperature switch SW2
is closed also, so that the second fan motor M2 is ener-
gized and the second cooling fan F2 starts to rotate. In
this manner, the engine is cooled sufficiently by the
large quantity of cooling air supplied by the two cool-
ing fans F1 and F2. As the engine is cooled and the
cooling water temperature drops below the set tempera-
ture T2 of the second water temperature switch SW2,
the second water temperature switch SW2 opens and
the second cooling fan F2 stops, whereby the engine
and radiator are cooled only by the first cooling fan F1
again. If the cooling power of one cooling fan F1 is not
enough for the engine, the cooling water temperature
rises again and both cooling fans F1 and F2 will be
driven. Again this is shown by FIG. 2, with the On
operation of fan F2 shown by double cross hatching, as
three cycles of operation. Through the foregoing repeti-
tive operation the engine is cooled appropriately.

By the foregoing processes, the engine 1s cooled by
one cooling fan F1 when the cooling water temperature
has reached a comparatively low value given, or by two
cooling fans F1 and F2 when the engine has reached a
given value higher than the former, whereby a desirable
degree of cooling performance corresponding to the
current temperature of the engine 1s provided. Accord-
ingly, each of the cooling fans F1 and F2 need only
have a small capacity for providing a comparatively
small volume of air, and the time interval during which
both cooling fans F1 and F2 are driven becomes short
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4
whereby the amount of power consumption is reduced
and the level of noise on the outside of the automobile
is lowered.

These two cooling fans F1 and F2 may be provided
for cooling the engine exclusively. However, if the
automobile is equipped with an air conditioner, one
cooling fan F1 or F2 also may be used in common as a

fan for a condenser. FIG. 3 is a circuit diagram showing
the second embodiment in which a fan for the air condi-

tioner condenser is used also as a fan for cooling the
engine. |

In FIG. 3, a typical conventional control circuit of
the air conditioner is depicted inside a box of broken
line. In this embodiment, a condenser fan motor M1 for
driving a fan F1 for the condenser corresponds to the
first fan motor M1 of the first embodiment shown in
FIG. 1. The first water temperature switch SW1 is
connected to a relay coil 1a of a fan relay 1 for switch-
ing the electric path of the condenser fan motor M1 on
and off. The conductor between switch SW1 and relay
coil 1a is connected to a circuit portion including a
pressure switch 2, thermostat 3 and air conditioner
switch 4 for control of the operation of the air condi-
tioner. By such a circuit arrangement, the fan motor M1
is energized either when the compressor of the air con-
ditioner is driven or when the temperature of the engine
cooling water rises above the set temperature T1 of the
first water temperature switch SW1. The compressor of
the air conditioner is driven if the compressor magnet
clutch 6 is connected by actuation of a clutch relay 3
which is energized when the air conditioner switch 4 1s
ON, the pressure switch 2 is ON due to a low pressure
on the outlet of the compressor, and the thermostat 3 is
ON due to a high temperature in the interior of the car.

By the foregoing arrangement of FIG. 3, the con-
denser fan motor M1 is energized and the cooling air 1s
supplied to the radiator by the fan F1 for the condenser
if the temperature of the engine cooling water rises
above the set temperature T1 of the first water tempera-
ture switch SW1 irrespective of the operation state of
the air conditioner, as for example even when the air
conditioner switch 4 is OFF. Thus, in the second em-
bodiment, a control circuit C1 for actuating the fan
motor M1 depending upon the temperature of the en-
gine still is formed by the first water temperature switch
SW1 and fan relay 1.

In addition, in the embodiment of FIG. 3 the electric
path of a radiator fan motor M2 for driving a fan F2 for
the radiator is connected in parallel across the air condi-
tioner control circuit. This radiator fan motor M2 cor-
responds to the second fan motor M2 included in the
first embodiment of FIG. 1. In the electric path of the
radiator fan motor M2, a control circuit C2 including
the second water temperature switch SW2 is provided.
This second water temperature switch SW2 is set to a
predetermined temperature T2 of value higher than the
set temperature T1 of the first water temperature switch
SW1, as in the case of the first embodiment shown in
FIG. 1.

Therefore, a cooling control apparatus for the auto-
mobile engine is provided with the same functional
effect as that of the first embodiment shown in FIG. 1
while using the fan F1 for the condenser of the air con-
ditioner. While the air conditioner is in operation the
cooling power of only fan F1 tends to become inade-
quate whereby the time interval during which both fan
motors M1 and M2 are rotated will become longer.
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Although the rotational frequency of each of the fan
motors M1 and M2 in both the first and second embodi-
ments 1s fixed, it can be made variable and responsive to
the engine temperature. FIG. 4 is a circuit diagram
showing the third embodiment in which the rotation
frequency of the first fan motor M1 is changed in steps
in response to the temperature of the engine cooling
water.

This third embodiment differs from the first embodi-

ment shown in FIG. 1in that a parallel circuit including

a resistor R and third water temperature switch SW3 is
connected between the first fan motor M1 and the first
water temperature switch SW1. The predetermined
temperature T3 of the third water temperature switch
SW3 is set to an intermediate value between the set
temperature T1 of the first water temperature switch
SW1 and the set temperature T2 of the second water
temperature switch SW2. By this different arrange-
ment, when the temperature of the engine cooling water
1s lower than the set temperature T1 of the first water
temperature switch SW1, all the water temperature
switches SW1, SW2 and SW3 are open and both the fan
motors M1 and M2 are in the stopped or non-operating
state. As the engine temperature rises and the cooling
water temperature reaches an intermediate temperature
between the set temperatures T1 and T3, the first water
temperature switch SW1 is closed and the first fan
motor M1 is energized. At this time, because the resistor
R 1s interposed between the fan motor M1 and the chas-
sis, a current of comparatively small value flows
through the fan motor M1 and the first cooling fan F1
driven by that fan motor M1 is rotated at a compara-
ttvely low speed.

As the engine temperature rises further in this third
embodiment of FIG. 4 and the cooling water tempera-
ture reaches a value at or above the set temperature T3,
the third water temperature switch SW3 is closed and
the first fan motor M1 is connected directly to the chas-
sis without passing through the resistor R. Accordingly,
a large current flows through the fan motor M1, the
first cooling fan F1 is rotated at a high speed, and the
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cooling power is increased. In addition, if the cooling

power 1s inadequate with only one cooling fan F1 and
the temperature of the engine cooling water continues
to rise and exceeds the set temperature T2, the second
water temperature switch SW2 is closed and the second
fan motor M2 starts to rotate, whereby the engine and
radiator are cooled by both the second cooling fan F2
“driven by the motor M2 and the first cooling fan F1
rotating at a high speed.

F1G. 5 is a circuit diagram of the fourth embodiment
in which the rotation frequency of the first fan motor
M1 is changed progressively, rather than being changed
In steps in response to the engine temperature, as in the
third embodiment of FIG. 4. In this fourth embodiment,
the first fan motor M1 is controlled by a control circuit
C1 composed of a water temperature thermistor Th,
transistors Trl and Tr2, and a constant-voltage diode Z.
The water temperature thermistor Th has the property
of reducing its resistance with an increase in the temper-
ature of the engine cooling water and is mounted in the
vicinity of the outlet of the radiator. The second fan
motor M2 is controlled by the control circuit C2 includ-
ing the water temperature switch SW2 in the same
manner as previously described. In the control circuit
C1, the circuit parameters are selected so that when the
temperature of the engine cooling water reaches the
comparatively low set temperature T1 a base voltage is
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applied to the transistor Trl. In this cooling control
arrangement for the engine, when the temperature of
the engine cooling water is lower than the set tempera-
ture T1, the transistor Trl does not turn on and both the
fan motors M1 and M2 are in the stopped state. As the
cooling water temperature rises above the set tempera-
ture T1 and the resistance of the water temperature
thermistor Th becomes smaller than a given value, the

base voltage is applied to the transistor Trl, so that this
transistor Trl turns on and the first fan motor M1 starts
to rotate. The more the cooling water temperature
Increases, the more the resistance of the water tempera-
ture thermistor Th decreases, whereby the base voltage
of the transistor Trl increases and the current flowing
through the first fan motor M1 also increases. Accord-
ingly, the higher the temperature of the engine cooling
water, the faster the fan motor M1 rotates. As the cool-

ing water temperature reaches the set temperature T2,
the water temperature switch SW2 closes and the sec-

ond fan motor M2 starts to rotate. Thus, when the en-
gine temperature is high, the engine is cooled by both
the cooling fans F1 and F2.

Although in all of the foregoing embodiments there
are provided two cooling fans F1 and F2 and two fan
motors M1 and M2 for driving them, it is possible to
provide more than two sets of fans and motors, and to
design the circuit so as to achieve a finer control.

Further, although both the cooling fans F1 and F2
supply the cooling air to the radiator for cooling the
engine via the cooling water, the system may be de-
signed so that at least one cooling fan F1 or F2 supplies
the cooling air to, for example, the external surface of
the engine to cool the engine directly. Specifically, in
such a case, the engine temperature may be detected by
way of the air temperature of the engine compartment
or of the surface temperature of the engine, in place of
the cooling water temperature.

Furthermore, although in the embodiments shown in
FIGS. 4 and § the rotation frequency only of fan motor

M1 is changed in response to changes in the engine

temperature, the rotation frequency of each of the fan
motors M1 and M2 may be made variably controllable.

With such an arrangement, it is also possible to cause a
plurality of cooling fans F1, F2 to rotate simultaneously
at a low speed during low cooling requirement circum-
stances. In addition, it is possible to employ a plurality
of cooling fans differing in cooling air moving capacity
and operate them individually in accordance with the
operation conditions of the automobile.

As will be apparent from the foregoing description,
according to the present invention there are provided a
plurality of cooling fans and a plurality of fan motors
for driving respectively these fans, and the respective
fan motors are energized when the engine temperature
reaches different predetermined values. Therefore, the
volume of cooling air to be supplied is changed in re-
sponse to the engine temperature, whereby overcooling
and/or overheating of the engine is prevented and only
an appropriate cooling power is provided. It is possible
to rate the blowing capacity of each cooling fan at a
comparatively small value with only one cooling fan
being driven at any time the engine is under a low load

whereby the power consumption and noise can be re-
duced.

Still further, because it is possible to use the cooling
fans in common as ones for the radiator, condenser, and
the like of the air conditioner mounted on the automo-
bile, these cooling fans can be utilized effectively.
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In addition, by making the rotation frequency of the
fan motor changeable in response to the engine temper-
ature, it is possible to reduce the power consumption
and noise. Because the power consumption by the cool-
ing fans is lowered in comparison with the prior art, the
required capacity of the battery, alternator, and the like
can be reduced and the fuel-efficiency can be improved.

The invention claimed is:

1. A cooling control apparatus for the cooling system
of an automobile engine, comprising, a plurality of fan
motors each having a fan for moving air through the
cooling system, a separate control circuit connected to
each fan motor, each control circuit being responsive to

10

the cooling system temperature for causing operation of (s

the fan motor, at least one of said control circuits in-
cluding means responsive to a different cooling system
temperature than a cooling system temperature of a
remaining control circuit for operating the fan motor
connected to said at least one control circuit without
operating any other fan motor, and an air conditioning
system having a selected said fan motor operable for
providing cooling for the air conditioning system, the
control circuit connected to said selected fan motor
including switch means for causing operation of said
selected fan motor when cooling is required for the air
conditioning system regardless of the cooling system
temperature.

2. The cooling control apparatus of claim 1 wherein
first and second fan motors and control circuits are
provided with the first control circuit responsive to a
cooling system temperature at an engine inlet of approx-
imately 90° C. and the second control circuit responsive
to a cooling system temperature of approximately 100°
C.
3. The cooling control apparatus of claim 1 wherein
first and second control circuits are responsive to cool-
ing system temperatures of approximately 10° C. differ-
ence.

4. The cooling control apparatus of claim 1 wherein
said at least one control circuit is responsive to a prede-
termined cooling system temperature lower than any
remaining control circuit and said predetermined cool-
ing system temperature is approximately a desired tem-
perature for engine operation.

5. The cooling control apparatus of claim 1 wherein
one said control circuit includes means for causing op-
eration of only the fan motor connected thereto at two
different speeds at and above two different predeter-
mined cooling system temperatures.

6. The cooling control apparatus of claim 1 wherein
one said control system includes means for causing
variable speed operation of the fan motor connected
thereto in response to variations in the cooling system
temperature.
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7. The cooling control apparatus of claim 6 wherein
said means for causing variable speed operation in-
cludes a thermistor having a resistance variable in-
versely with the cooling system temperature.

8. The cooling control apparatus of claim 1 wherein a
control circuit is responsive t0 an engine temperature
for operating the fan motor connected thereto to cause
the flow of air over the engine for cooling.

9. A cooling control system for an automobile engine,
comprising, a plurality of fan means selectively opera-
ble for cooling the engine, and a temperature responsive
means separately connected to each fan means for selec-
tively operating each of fan means, all of said tempera-
ture responsive means at substantially the same location,
one of said temperature responsive means causing oper-
ation of the connected fan means at a temperature of the
cooling system different from any other temperature
responsive means causing selective operation of another
of said plurality of fan means, an air conditioning system
which is cooled by a selected one of said plurality of fan
means, and means for causing operation of said selected
one of said plurality of fans when cooling of the air
conditioning system is required without regard for cool-
ing system temperature.

10. The cooling control system of claim 9 wherein
said temperature responsive means causes said one fan
means to operate at and above a first predetermined
cooling system temperature lower than a second prede-
termined cooling system temperature at which said
temperature responsive means causes operation of said
another of said plurality of fan means.

11. The cooling control system of claim 10 wherein
the first and second predetermined engine temperatures
are temperatures of cooling water entering the engine.

12. The cooling control system of claim 11 wherein
said first predetermined engine temperature is approxi-
mately 90° C. of the engine cooling water and said
second predetermine engine temperature is approxi-
mately 100° C. |

13. The cooling control system of claim 9 wherein
said temperature responsive means includes means for
causing said one fan means to operate to in a manner to
vary the rate of cooling air moved by that one fan
means in response to the cooling system temperature.

14. The cooling control system of claim 13 wherein
said one fan means is operated at two different speeds
for causing the varying rate of cooling air moved.

15. The cooling control system of claim 14 wherein
said one fan means is operated at a variable rate of speed
in relation to the cooling system temperature for caus-
ing the varying rate of cooling air moved.

16. The cooling control system of claim 9 wherein
said temperature responsive means also causes opera-
tion of said selected one of said plurality of fan means at

and above a predetermined cooling system temperature.
x ® % %k X%
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